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1. The technique of sonic tracking of salmon, by implanting transmitting 
or sonic "tags" on fish caught at the mouths of estuaries, has been 
developed in recent years mainly by Canadian and American workers. In 
this country the CEGB, MAFF and the University of Aberdeen have been 
interested in the technique for charting the movement of fish in 
response to various environmental influences, e.g. river flows and 
water quality. More recently developmental work at Aberdeen has 
concentrated on the design and operation of tags which allow locational 
reference and also transmit signals from which chemical parameters 
(dissolved oxygen and salinity temperature and depth) of the surrounding 
water can be determined. By such means, direct observation can be made 
of the position of a fish and the chemical nature of the water in which 
or through which the fish is travelling. The technique is extremely 
valuable in obtaining information about migratory fish movement in 
particular estuaries and can provide a basis for future management 
related to river flows, river water and effluent quality and to the 
commercial exploitation of fisheries. Additionally, the use of this 
technique will, in the longer term, provide direct information towards 
the establishment of tentative water quality criteria for fisheries in 
estuaries. 
2. A few years ago, the fisheries section of NWWA, Rivers Division, 
purchased some early sonic tags and receiving equipment from the Smith 
Root Company of the United States, and some trials were carried out on 
the Lune Estuary in 1976, with the assistance of CEGB. These early 
trials indicated that the technique was practical, but that a large 
number of difficulties existed, not least the provision of maintenance 
of manpower over the trial period. The technique is very labour intensive 
because of the need to follow fish continously once they have been tagged 
(e.g. through the night)and because of the safety requirement for a 
minimum number of people to man boats and shore based stations. As a 
result of the organisational difficulties and breakdowns in equipment, 
these early trials were not continued although the basic equipment 
resided in the fisheries section at NWWA. 
3. Subsequently, with concern about the water quality of the Ribble Estuary 
as a consequence of the discharge of sewage effluent from Preston STW; 
with allegations from fishermen about the effect on migratory fish; and 
with the proposals to regulate the Ribble for public supply purposes 
with a consequent need to set residual flows into the estuary, it was 
considered that sonic tracking of salmon would provide a valuable source 
of information for future planning, as well as contributing towards the 
longer term and wider objective of establishing water quality criteria. 
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4. Enquiries made at the time revealed that the Water Research Centre was 
very interested in the technique as a means of establishing estuarine 
water quality criteria and were intending to place a contract with 
Aberdeen University and an associated company, Zootelemetry Research 
Laboratories Ltd (ZRL) for the development and supply of water quality monitoring 
tags. WRC were seeking a suitable field site with the necessary require-
ments (e.g. poor water quality, significant volume of relatively untreated 
effluent, important migratory fisheries, confined channel). Accordingly, 
it was suggested to WRC that the Ribble Estuary might provide the ideal 
site for future work, and would have the advantage of providing information 
and experience valuable to all parties. After inspection, this was 
agreed, and plans were made for joint exercises to take place involving 
NWWA's staff and facilities, WRC's staff and personnel from the University 
of Aberdeen and ZRL. 
5. The joint objectives of the sonic tracking work in the Ribble Estuary can 
therefore be summarised as follows:-
(i) Investigation of the factors and stimuli influencing the 
migration of salmonid fish in estuaries; 
(ii) Improvement of knowledge towards the development of water 
quality criteria for migratory salmonids in estuaries; 
(iii) Development of telemetry systems (mobile/fixed)for location 
of fish and measurement of water quality; 
(iv) Provision of local information regarding the water quality 
of the Ribble Estuary at times of upstream fish migration; 
(v) Provision of local information about salmonid migration 
and movement in the Ribble Estuary in relation to the 
protection and regulation of the fishery 
6. The first joint exercise took place in July 1980 and this was followed by 
three further exercises in April,June & July,1981.On each occasion the 
field work was organised and co-ordinated by NWWA staff (Head Office, 
Rivers Division)and personnel were drawn from Head Office (Scientific 
Services) and Rivers Division (Fisheries; Technical Support; Inspectorate). 
NWWA (Ribble and Rivers Divisions) provided base facilities at Preston STW, 
Clifton Marsh and equipment (water quality equipment, boats, engines,radios,nets 
and safety equipment etc. and sonic receiving gear). WRC provided 
personnel and a boat/engine; and the University of Aberdeen supplied 
personnel, tags and the necessary recording gear and electronic expertise. 
Salmon were either purchased from estuary commercial netsmen or caught 
directly in gill nets by N.W.W.A. bailiffs. The exercises were planned 
to commence at weekends (during the weekly close time for commercial 
netting) and to continue over the subsequent ten days, depending on catches, 
tagging success, weather conditions and fish movement. Once a fish was 
caught it was the intention for it to be continuously followed day and 
night using two boats and to also maintain a base station. This of 
necessity required a high commitment of manpower, each 12 hour shift 
requiring a minimum of five or six men. 
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The exercises carried out in 1980 and 1981 met with varying degrees of 
success, but the practical value of the technique was demonstrated. 
Many lessons were learnt and difficulties overcome in relation to the 
capture of fish, in the organisation of field work and in the nature and 
suitability of the equipment; and much valuable knowledge and experience 
was gained by NWWA staff and the staff of the co-operating organisations. 
A report on the 1981 exercise was produced by J.Nott (PFA,Preston) who has 
been responsible throughout for the local organisation of the exercises. 
The organisation of the 1980/81 exercises was somewhat "ad-hoc" and no 
specific financial provision was made in NWWA budgets to cover the costs 
involved on such items as purchase of fish, provision of sundry equipment 
petrol and minor expenses. WRC did however provide,through ZRL, the i 
necessary telemetry and tags and met the costs of providing a caravan at 
Clifton Marsh and other incidental expenses. Consequently in planning a 
1982 exercise, provision was made in Head Office (Planning) research 
budget for a sum of £500 to be allocated to cover NWWA costs. The sum 
was used mainly to provide nets for fish capture, to improve communication 
facilities on the estuary boat and to cover, running expenses. 
The 1982 exercise was, as a result of the experience gained previously, 
much better organised and equipped.! The single most valuable improvement 
was the provision of the Rivers Division emergency caravan as a base at 
Clifton Marsh, which greatly facilitated radio communication and recording of 
information. Improvements, were also made in NWWA fish capture techniques 
following a decision in 1981 not to use commercial netsmen on account of 
the poor condition of the fish at capture, and their costs. A detailed 
report on the 1982 exercise is appended. 
As the 1982 report indicates, the feasibility of the experimental approach 
has been demonstrated and the organisation and operation of the exercise 
has been steadily improved and refined over the past three years,particularly 
so as most of the regular personnel have now become experienced and well 
acquainted with likely problems and their solution. Even so, further 
recommendations arising from the 1982 exercise have been made to further 
improve the efficiency of any future exercise and to try to prevent any 
unnecessary waste of time and effort. The recommendations are principally 
concerned with improved briefing arrangements, recording of information, 
capture and condition of fish, and location and timing of fish releases. 
In view of the relative success of ithe 1982 exercise, and the expressed 
intention of WRC to continue to fund the telemetry development and be 
involved in field work, it is proposed that the exercise be repeated over 
10 days in 1983, and that financial support (£500) from Head Office be 
sought again. Only by steadily building up a picture of fish migration/ 
water quality in the Ribble Estuary over a number of years can the 
reliability of results be improved and the stated objectives be partly 
or fully realised. There is no doubt that the project involves a heavy 
commitment of manpower for a short period but it must be emphasised that 
the information gained relating fish behaviour directly to water quality 
cannot be obtained in any other way. No particular operational difficulties 
are anticipated for a 1983 exercise, but manpower resources may have to 
be assessed in the light of the current restructuring of NWWA and the 
future availability of participating Head Office staff. 
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APPENDIX 
SALMON TRACKING EXERCISE, RIBBLE ESTUARY, 1982 
Introduction 
A salmon tracking exercise using oxygen sensing ultrasonic transmitting 
tags was carried out on the Ribble Estuary during the period 8th July 1982 
to 19th July, 1982. The tags used were developed and manufactured by 
Aberdeen University and Zootelemetry Research Laboratory Ltd. of Aberdeen, 
working under contract from the Water Research Centre. Personnel involved 
in the exercise came from N.W.W.A., W.R.C., Z.R.L and Aberdeen University. 
Methods 
(a) Fish Capture and tagging 
The 1982 salmon run into the River Ribble was a poor one, and there 
were not many salmon in the estuary at the time of the exercise. 
(The commercial netsmen's total catch for July was only 32% of the 
j 
average July figure for the period 1974 - 1981.) During the first 
few days attempts were made to catch salmon for tagging by draft 
netting during the low water periods, using a purpose-made salmon 
seine net. Although the net appeared to fish properly, nothing 
was caught, presumably because of the scarcity of salmon. 
Drift netting, which enables much more water to be covered, 
i 
proved more successful, and in all, 6 salmon were caught by this 
imethod. As a result of experience gained in 1980 and 1981 the 
technique for handling and tagging the fish has been improved 
considerably, and 4 out of the 6 fish were fit to tag and release. 
The main improvements in 1982 were the minimising of the actual 
handling of the fish and of the time the fish was out of water, and 
the use of a recovery tank with an oxygen supply to ensure that 
the fish was in a strong and lively condition when it was released. 
(b) Tracking of tagged fish 
As far as was possible, fish were released at times of reasonably 
slack water. Previous experience had shown that it was easy to 
lose fish released at times when the tide was running strongly 
as the tag signals were likely to be weakened by turbulence and 
high levels of suspended solids. Two boats were used to follow 
the fish, one of the boats using a ZRL receiver fitted with a 
tape recorder to record tag signals and incorporating a voice-over 
commentary facility and an automatically recorded time base. 
The other boat used a Smith-Root receiver provided by N.W.W.A. 
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Results 
The movements of the four salmon which were tagged and released are shown 
in Figs. 1(a) - 4(a) and the transcripts of the records from the tags are 
given in Figs. 1 (b) - 4 (b). 
Fish No. 1 (Figs. 1(a) and (b)) was captured off Lytham and was released 
there during the latter part of the ebb tide. It made only limited 
movements, chiefly in the same direction as the tidal current and was 
eventually abandoned when it had remained stationary for over 16 hours 
at a point very close to its original point of capture. The fish may 
have died, or it may have been a resting fish which had returned to 
its original lie. The dissolved oxygen level fluctuated around the 
90% saturation level for the first four hours of the track, with a temporary 
dip to 80% at about the time the flood tide commenced. After about four 
hours the dissolved oxygen level subsided to 80% saturation, but after this 
time the tag signal remained constant and it was suspected that the sensor 
was failing to respond to changes in dissolved oxygen. 
Fish No. 2 (Figs. 2(a) and (b)) was released off Lytham about 2 1/2 hours after 
high water. It moved steadily downstream with the ebb tide, crossing from the 
right to left banks of the channel at about the 10 1/2 mile point. After holding 
station against the ebb for a few minutes at the 11 mile marker, the fish 
continued downstream and was eventually lost at about the 12 1/2 mile point. 
The dissolved oxygen fluctuated about the 95% saturation level for most of 
the track, with a dip to 65% at about 19.50 hours when the fish crossed the 
north retaining wall into the low water channel. 
Salmon No. 3 (Figs. 3(a) and (b) ) was caught near the 6 1/2 mile marker, off 
Warton, but was released off Lytham at slackwater, high tide. Initially 
the fish moved upstream against the first of the ebb tide. It then crossed 
the river and started to move downstream with the ebb. Between the 10 and 
10 1/2 mile markers the fish left the low water channel and moved out over the 
bank behind the training wall. The fish was moving in very shallow water, 
approximately 3 feet deep, and was very difficult to follow as the tag signal 
was lost every time the fish dropped into one of the many gullies and hollows 
on the bank. Eventually contact was lost altogether after about 2 1/4 hours 
tracking. Dissolved oxygen remained constant at about 108% saturation for 
the first 1 3/4 hours, but then fell to just under 90% and was still showing a 
downward trend when contact was lost. 
Fish No. 4, a salmon of approximately 8 lbs in weight, gave by far the best 
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results so far obtained. This fish was caught near to Freckleton Naze 
and was released there at the commencement of the flood tide. The overall 
range of its movements is shown in Fig. 4(a) and an analysis of its 
upstream and downstream movements and a plot of the dissolved oxygen record 
is given in Fig. 4(b). Unfortunately the dissolved oxygen sensor in the 
tag failed after 16 hours, although the 'pinger' unit continued to emit 
signals. Tracking of the fish could therefore be continued, but dissolved 
oxygen readings had to be taken by D.O. meter used from one of the tracking 
boats. The fish generally followed the tidal movements, but bursts of 
swimming with the current were interspersed with periods when it held 
station against the current or moved across the channel. On some occasions 
it swam round in a large loop. Net progress upstream resulted from the 
salmon's tendency to hold station during the latter part of the ebb, thus 
losing less ground during this phase of the tide than it gained on the 
flood. On one occasion the fish appeared to anticipate the commencement of 
the flood tide and started to move upstream before the tide actually turned. 
Perhaps the most surprising aspect of this fish's movements was its two 
excursions into the River Douglas, one of which extended over one and a half 
tidal cycles. During the low water period the fish remained in a pool 
approximately 2 feet deep and spent ;much of the time lying under the tracking 
boat. 
Once the fish entered the Ribble above the Douglas confluence it remained in 
that part of the estuary, and in fact it did not drop back below the Clifton 
Marsh S.T.W. discharge. 
The track was terminated after 64 1/2 hours when the fish was recaptured by 
seine net so that the tag could be recovered to determine the reason for the 
failure of the D.O. sensor. The fish was released again after removal of 
the tag. 
The D.O. record shown in Fig. 4 (b) includes both the transcript of the tag 
output and the D.O. meter readings. Both sets of readings were in agreement 
initially, but a discrepancy developed during the early morning of 17th July, 
with the tag output indicating a D.O. of 57-60% saturation, and the D.O. 
meter reading 44-45%. Water quality surveys carried out by Rivers Division 
Technical Support Section at Milepost 6 over the low water periods on 15th 
July and 22nd July gave minimum D.O.'s of 33% and 30% saturation respectively, 
which suggests that the meter readings obtained near the 7 Milepost at low 
water on 17th July were more likely to be correct than the tag record. 
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In general, the D.O. readings obtained throughout the track of this salmon 
show the trends one would expect during a period of low freshwater discharge 
into the estuary, with the D.O. sag occurring downstream of the Douglas 
confluence at low water and being pushed up as far as the Preston Docks area 
at high water. This explains the reduction in D.O. observed between 19.00 
and 24.00 on 18th July when the fish was in this upper portion of the estuary. 
An increase in the D.0. in the Ribble upstream of Clifton Marsh, as the tide 
fell was to be expected, but the level reached during the early morning of 
19th July was surprisingly high at 116% saturation. 
Discussion and Conclusions 
The tracks of fish nos. 1, 2 and 3 were too short to provide any significant 
information on fish movements within the estuary. However, they did illustrate 
the difficulties in maintaining contact with tagged fish in the lower estuary, 
particularly when the tide is high enough for fish to leave the low water 
channel and move out beyond the training walls into areas where there are sand 
banks and gulleys. 
Fish No. 4, however, provided some very interesting information. Its step-by-step 
progress up the estuary indicated one of the strategies which, salmon may use to 
pass through the Ribble Estuary. This movement pattern enabled the fish to move 
through the estuary without the need to work hard in areas of reduced dissolved 
oxygen. At times when it was exposed to lower D.O.'s it was either holding 
station in water moving at a fairly low velocity (eg. 02.00 hrs to 05.00 hrs 
on 17th July) or moving with the current C07.00 hrs to 08.00 hrs on 18th July). 
By remaining upstream of the Clifton Marsh discharge during the low water 
period on 18th July, the fish also avoided the area most affected by this 
discharge. 
Movement into the Douglas occurred during flood tides on both occasions, and 
presumably was accidental rather than deliberate as there would be no freshwater 
flow to attract the fish at the time at which it approached the confluence. 
However, the prolonged stay in the Douglas on the second occasion showed that 
water quality in the lower reaches of that river is now good enough to support 
fish. 
It would, of course, be unwise to draw too many conclusions about the behaviour 
of salmon in the Ribble Estuary on the basis of information from a single fish. 
To determine whether or not the behaviour of this particular fish was typical 
will require further work of this nature. However, the feasibility of this 
particular experimental approach has been established. 

Fish no.l- Dissolved Oxygen levels during track 

Fish no.2- Dissolved Oxygen levels during track 
(NOTE: Entire length of track is during an ebb tide) 

Fish no.3- Dissolved oxygen levels during track 


